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The grounding of the rotor is typically accomplished by a spring-loaded contact 20
physically and electrically connected to the stator, or frame, via arrangement 22. This
20 contact is electrically connected typically to a special contact 20 at the center of the rotor
wherein the arrangement 22 extends and connects to the spindle 10 by a screw 24. The
special contact is usually called "button" and this document uses this definition for clarity.
The special connection shown in Figure la is not reliable since the button 20 wears off and
also the spring of this contact can relax due to fatigue and therefore interrupt the contact as
25 shown in Figure 1b. When the contact is interrupted, the ground connection is lost and
dangerous exposure of sensitive components to voltages and currents can occur. It is
desirable to provide a device and method for being able to monitor the connection between
the rotor and ground reliably and does not rely on the spring contact.
A conventional method of monitoring a ground connection by continuity (such as

30 is shown in a Ground Master product commercially available from 3M Company,

formerly Credence Technologies, Inc., with further details of this product found at
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nonitored part is available. Thus, it is desirable to provide a device and
met hod of nonitoring ground 5connection of noving equi pmrent with insulative
bearing arrangenent and it is to this end that the present invention is
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menber is properly grounded via a contact. The devi ce provides a reliable
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from t he thovthapreseioerentign mnliieosdl ati ve bearing, and a circuit that
nmeasures a parasitic capacitance between the noving nmenber and the
stationary nenber by means of_neasuring cgpacitance between groundi ng
contact and the stationary néﬂﬂ@VAFﬁoﬁaagﬁgygvﬂgpérnine a connection to the
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st at i onariysut@ivhercasgpatalgethetyis provided that utilizes measurements of parasitic
10 capacitance between a moving member and a stationary member to determine whether the
moving member is properly grounded via a contact. The device provides a reliable
method to monitor the ground connection of the moving equipment with an insulative
bearing.
Thus, in accordance with the invention, an object is provided that comprises a
15 moving member, a stationary member separated from the moving member by an insulative
bearing, and a circuit that measures a parasitic capacitance between the moving member
and the stationary member by means of measuring capacitance between grounding contact
and the stationary member in order to determine a connection to the moving member.
In accordance with another aspect of the invention, a device of monitoring the
20 grounding of an object having a moving member and a stationary member separated by an
insulative bearing is provided. The device has a circuit that measures a parasitic
capacitance between a moving member and a stationary member, and a circuit that
indicates a connection to the moving member.
In accordance with yet another aspect of the invention, a method for monitoring
25 the grounding of an object having a moving member and a stationary member separated
by an insulative bearing is provided. In the method, the parasitic capacitance between the
moving member and the stationary member of the device is measured. Then, a connection
to the moving member based on the measured parasitic capacitance is determined.
In all of the embodiments of the invention, the grounding of the moving member is
30 provided by an adequate galvanic ground path between a contact connected to a moving

member with properties allowing for measurements of capacitance.
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|nsulatlwglﬁﬁﬁﬁh@gmaﬁﬂgure 2 illustrates an exanple of a preferred
enbodi nent of a circuit that 5inplenments a nethod for nonitoring the ground
connection of Hgpreedeant 3edlysipie the wivichorans generaticd by viee dryvage shgwn 1n
Fi gures %ﬁg % 3b illustrate the waveforns generated by the device shown in
Figure 2;

Figure 4 illustrates an example of an embodiment of a device for monitoring the

10 ground connection of a piece of equipment with an insulative bearing;
Figure 5 illustrates an example of another embodiment of a device for monitoring
the ground connection of a piece of equipment with an insulative bearing;
Figure 6 illustrates an example of yet another embodiment of a device for
monitoring the ground connection of a piece of equipment with an insulative bearing;
15 Figure 7 illustrates an example of yet another embodiment of a device for
monitoring the ground connection of a piece of equipment with an insulative bearing; and
Figures 8A and 8B illustrates an example of yet another embodiment of a device
and method for monitoring the ground connection of a piece of equipment with an

insulative bearing.

20 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

The invention is particularly applicable to a device and method for monitoring the
ground connection in a piece of equipment with an air bearing and it is in this context that
the invention will be described. It will be appreciated, however, that the device and
method in accordance with the invention has greater utility since the device may be used

25 with any object or moving piece of equipment with an insulative bearing and it may be
implemented using different circuits and components than those shown below in the
diagrams and those other implementations of the device and method are within the scope
of the invention.

Figure 2 illustrates an example of a preferred embodiment of a circuit 28 that

30 implements a method for monitoring the ground connection of a piece of equipment with

an insulative bearing. Broadly, the method, circuit and device of the invention rely on



Figure 4 illustrates an exanple of an enbodi nent of a device for nonitoring
t he 10ground connection of a piece of equipnment with an insulative bearing;
Fi gure 5 wDl2oetmnsises an exanpl e of anot her enbodi ment ofPCa/uses7oessieor
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WO 2007/ M8thezpaoctiep obthedatgry 80 (Figure la) to ground directly. In order to use this

method, the contact 34 needs to be electrically separated from the stator/frame by using
conventional methods, such as nylon screws and washers, etc.

15 Figures 3a and 3b illustrate the waveforms generated by the device shown in
Figure 2. In particular, when connection between the contact 34 and the rotor 12 is
broken, the signals at points A and B in the circuit shown in Figure 2 are essentially
identical as seen in Figure 3a. However, if the contact between rotor 12 and the contact 34
18 good, a capacitive load is introduced and as a result, the waveform at point B changes as

20 shown in Figure 3b. In particular, the waveform at point B is now both lower in amplitude
and lags in phase (by a predetermined time lag C) as compared to the original signal at
point A. In accordance with the invention, either of these phenomena (the difference in
amplitude of the signals or the phase shift of the signals) can be exploited in order to
monitor the connection between the contact and the rotor. An example of a device for

25 monitoring the ground based on the phase shift/difference is described below with
reference to Figure 4 and an example of device for monitoring the ground based on the
amplitude difference is described below with reference to Figure 5.

Figure 4 illustrates an example of an embodiment of a device 100 for monitoring
the ground connection of a piece of equipment with an insulative bearing. The circuit 28

30 may output signals at points A and B (as described above with respect to Figure 2) and the

signals pass through a set of optional amplifiers 40 and 42 that amplify the signals. The

outputs from points A and B (or the outputs from the optional amplifiers) are fed into a set



parasitic capacitance between the rotor and the stator of the notor to
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with reference to Figure 5. Figure 4 illustrates an exanple of an
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device 100 may optionally include an LED 46 and/or a buzzer 48 that indicate the pass/fail

condition of the ground connection. An output signal 50 from the device 100 can be used
for various purposes such as an external alarm, emergency stop of the tool, etc.
25 Figure 5 illustrates an example of another embodiment of a device 110 for
monitoring the ground connection of a piece of equipment with an insulative bearing.
This device relies on the amplitude change of the signals to monitor the ground
connection. In this device, the signal from the contact 34 (point B in the circuit 28) passes
through an optional amplifier 60 (to amplify the signal as needed) and then is rectified by
30 a circuit that may, for example, include a diode 62, a capacitor 64 and a resistor 66. The
output of the rectifier is connected to a first input of a comparator 68 (implemented as an

operational amplifier) and a second input of the comparator is connected to a reference



of inputs of a typical phase conparator 44 that may be inplenmented as a
comonly known circuit built using an XOR gate (described at
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25Figure 5 illystrates an exanpl e qof another .enhodi ment of a. device 110 for
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nmoni tor the ground connection. In this device, the signal fromthe contact

34 (poi ntosBllater figquanicy byichaiRR)g thasysks of hrcapagitonathatgrtéromads tbarfrbquieney 060 (to
anplify ttEe Sl. ?agal \&E.lneede%) an tgen .hst rectifi eag %30 a circuit that
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(i %errent ed as an operational anplifier) and a second input of the

co r at arscillgtog d A iscqomprised af @ wansistercld2, resistor 104, capacitors 106, 108, 110 and

112 and inductors 114 and 116. Operation of such oscillator is widely known and is not a
subject of this invention. The inductors 114 and 116 provide ground path for rotor 36. A
capacitance 36 formed by the rotor and the stator also participates in defining the
oscillation frequency. Depending on a contact 34, the capacitor 36 is either in the circuit
25 or not, thus changing the oscillator frequency. Therefore, by knowing the oscillator
frequency, it is possible to know whether the rotor is adequately grounded or not.
In Figure 7, the output of the oscillator 100 is connected to an optional buffer 111
that reduces the influence of load on frequency of the oscillation. The output of the buffer
111 is connected to a bandpass filter comprised of capacitor 120 and LC tank using
30 inductor 122 and capacitor 124. The output of the filter is then rectified by a diode 126
and filtered with capacitor 130 and resistor 132. This bandpass filter is tuned to the

frequency of oscillation when the contact of the rotor with ground is satisfactory. Thus,
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oscffrc | at ofreoquft%(ﬁr?évﬁawé\flﬁ%?cospt_aﬁlﬁﬁwwg(?q% iBakPIIAg: S EoBRty, it is
possi bl e d,a4#iBRAY MEhHEL hite shiRolySindFRaMaHEH Y 491 ggs&terste@qm: If I'n

Figure 7, the output of the oscillafor 100 is connec to an opti onal

buf f er 1Xhe fraqtencedubfsrenhen khfthuenseedoh slepdd oifhé deqoeoidyigat Ahmay be
oscillation, The output .of the buffer 111 is connected to a bandpass filter
conpri sec?ag%y@%{g%?qtg u%ﬁ%agﬂgoﬁ@q@rﬁm usi ng 30i nductor 122 and capacitor

124. The out puyhRé tHeBrelbink®hs bent g rdf@ehdeltb aGakicutr dhde8indedbordhd fil tered
with capacitor 130 and resistor 132. This bandpass filter is tuned to the

f r eduencynentioncit wilhbe approgietad bhéhaseskitled inghe eréhat shangenin thispnehademeny
sati sf aCtrﬁ£§y be l’-IrlQ&leS without departing from the principles and spirit of the invention, the scope

of which is defined by the appended claims.



WO 2007/ 118087PCT/ US2007/ 065876 when the rotor is properly grounded, the
frequency of oscillator is the same or sufficiently close to the frequency
.of the bandpass filter and the output of the detector is high. If the ground
of the rotor is disconnected, the frequency of oscillation changes and the
out put of the detector is low This status is detected by a conparator 134
‘which has a reference 5 voltage 136 connected to its second i nput to define
the threshold voltage of good ground status. It should be noted that other
types of oscillators can be equally used, such as the one built on comon
555 tinmercrasmael | as other sol utions. Figure 8A depicts a solution
simlar to those of Figure 7, but with different way of determ ning

frequencyy devig 598t ddnfrisgigr © 8A the device has the same oscillator 100
10w th the sane ellenents as those shown in Figure 7 although the particul ar
el enents of the ®Bwvinganenbery e not | abeled in Figure 8A. For this device,

i nstead of a bandgg‘@%afi | ter and de&gfcto , a ,frequenc% counter, 140 is used.
As shown in Figuf ary HofParaisd from the moying meembes by e inslalishinect i on i s

shown using the de\b‘eﬁﬂlgqa‘ndla&ufc@uy%‘ennh&e&{bEthéfﬁ.bbﬁgméxﬂf‘e ;La'nﬁquency of the
oscillator is conpared to a reference voltage in Step T2A ' the

15f requency of oxerquitdhitapeasurenk parasitiaeapeqitaaty leetwean the movingtmdnben St ep 146)
t hen the ground cogﬁ“ﬂeon is determined to be satisfactory and the nethod
142 | oops back to step 144. If the frequency is different, an alarmis

i ssued in step Ist@ionddyeamelabérde orler fol BtehBin8A cifdkchibn RARE Movidghéatat ed using
a mcrocontroller. Wiile the foregoing has been with reference to a

particul & emdobjestofelaiiang whbieh(aBLii fulther toiprill oABRE Bt RF Ml bY those
skilled in the art that changes in this enbodi ment may be nmade w t hout
departing fr ofiefgalsontaet to1teemayias sysimbier ansfantefastricalle neidontive path frampe of
which is defi gadidvid Qo RPR gﬁﬂl clains. CLAIMS: 1. An object, conprising:
a noving nenber; a stationary nefrber separated fromthe noving nenber by an

insul ati¥e  The ghiect of claim 1, wherein the circuit further comprises an output signal
whose amplitude changes depending on the grounding connection of the moving

member.

4, The object of claim 3, wherein the circuit further comprises a rectifier circuit that
rectifies the output signal to generate a rectified oufput signal and a device that
compares the amplitude of the rectified output signal and a reference signal to
generate a comparator output signal that indicates the grounding connection of the

moving member.

5. The object of claim 1, wherein the circuit further comprises one or both of (a) an
output circuit that indicates the grounding connection of the moving member and
(b) an oscillator that generates a signal having a frequency wherein the frequency

of the oscillator depends on the connection to the moving member.

6. The object of claim 1, wherein the circuit further comprises a pair of output
signals whose phase differences depend on the grounding connection of the

moving member,

7. The object of claim 6, wherein the circuit further comprises a phase comparator
that compares the phase of the pair of output signals and outputs a phase output

signal that indicates the grounding connection of the moving member.



bearing and electrically connected to the noving nenber; and a circuit that
nmeasures a parasitic capacitance between the noving nenber and the

. stationary nenber in order to determ ne a connection to the noving nenber

2. The object of claim1l1l, wherein the circuit further conprises one or both
of an electrical contact to the noving nenber and an el ectrically conductive
"path fromthe electric contact to ground. 3. The object of claim1, wherein
the circuit further conprises an output signal whose anplitude changes
dependi ng, on éﬁe roundi ng connectjon of the noving menber. 4. The object of
cl ai m 3, Saher 'ﬁOgJﬁ Orc}ic}aé*ailn whesein B cirffithes sompriges @n prailater thatui t  t hat

rectifies the iR L : pfl ignal and a

devi ce t hat cgnparg%a ?E‘gﬂg%‘ﬁf‘?? grg@lﬁé@tﬁrﬁgrc{ngtg{ frﬁuﬁggc}g#t%%)sc?:lagﬂal and a

ref erence si gdeendoomytheepaestion ofthpmoaingmembzput si gnal that indicates the
groundi ng connection of the noving nenber. 5. The object of claim1, wherein
the circ@it fdrddvize ofarpitbsesthegrouadingof i cfjedt Ravinga ldviigim&hBruhd t hat

i ndi cates the grqundin onnectiqn of ' the noving nmenber and (b) an

osci | | ator t hAPeHeHEY eésegﬁr@W&byﬁawsmjn&e bsagigg end glegirierlbi qenngsteds r equency

of the oscill @Bt rRSREIHEI th@@cxﬁ%?rfb is@p- to the nmoving nmenber. 6. The

object of claiml, whérein the circuit further conprises a pair of output
si gnal s whose plaaisuifitifat srcencess: megsiticcapavitadve bgvaendinngyigonaabériand of t he
novi ng nenber. 7. Tt}e.ob' ect of claim®6, wherein the circuit further

conprises a phase 23R W‘ng?fafm‘ﬁorrpar es the phase of the pair of output

signal s and out pwiBuid tHANAYR @Y bRbtinesHEBlthd RaVing MilAat.es the groundi ng
connection of the noving nenber. 8. The object of claim1l, wherein the

circuit fort heke &QIRIIfEHIMBNWASEN th@éi%uittfﬂﬁﬁergﬁﬁ?fi%%%ﬁe 6dtHBpl, having a
frequency wherein the frequency of the oscillato epends on the connection
of the novi ngelpwrieeentad to eaeomingameshberend eweleetycallyecogdantive ipath ffim an  obj ect

havi ng a novi r ti onary nenber separated by an insulative
beari ng and eqﬂggg?@:lcp?%&glg ﬁec?’ed to the noving nmenber, the device

Compri S1 0 auil dSHc e haL JTERSUT SR, B RYIAR L RRES LGPt veen @ oV ng
connection further comprises an output signal whose amplitude changes

depending on the grounding connection of the moving member.

12, The device of claim 11, wherein the circuit that determines the grounding
connection further comprises a rectifier circuit that rectifies the output signal to
generate a rectified output signal and a device that compares the rectified output
signal and a reference signal to generate a comparator output signal that indicates

the grounding connection of the moving member.

13. The device of claim 12, wherein the device that compares the rectified output
signal and the reference signal further comprises one or both of a comparator and

a processing unit,

14.  The device of claim 12, wherein the rectifier circuit further comprises a diode
coupled to the output signal, a capacitor and a resistor in parallel, coupled

between an output of the diode and ground.

15. The device of claim 9, wherein the circuit that determines the grounding
connection further comprises a pair of output signals whose phase differences

depend on the grounding connection of the moving member.



a circuit that indicates a connection to the noving nenber. 10. The device
of claim9, wherein the circuit further conprises one or both of an electric
~contact to the noving nmenber and an electrically conductive path fromthe

el ectric contact to ground. 11. The device of claim9, wherein the circuit
that determ nes the groundi ng connection further conprises an output signal

- whose anplitude changes dependi ng on the groundi ng connection of the noving
menber. 12. The device of claim1l, wherein the circuit that determ nes the

groundi ng _conpectiqon further conprises a.rectifier circuit that rectifies
the out pdf- si o A feifate v ?YFEBS?F?'%’&%@SFEF“@F%W&!%W% devi ce that
conpares the E&ﬁfebtidneﬂrtﬁbild%&{prﬁé as@&%lﬁra&&ftﬁat%aﬁgaég% hadedf@nerat e a
conpar at or out put signal that 1 ndi‘cates tthe groundi hg conriection of the
nmovi ng menber paid 8f oufiw sieis@ad ofitpuisaiphestdutpuhsigedl that hrelickasithe t hat conpar es

the rectified put@ut inF%nﬁl gaifr}g the. ref erence signal further conprises one
or both of a g‘(ﬁ’H‘B PaEBFEARY ?glc%glgin?'?&’bﬁﬁit. 14. The device of claim12,

wher ei tifi, ircyjt further, ' di ode caupled to th
Ut put signal ThgSRdaAR thithetrit BEFERol Brh SaR R AR SGURPE R bet veen an
out put of thegeﬁe%& Pdighay hHAE s frdQuendPRhelev thefrefuehit Pt oscli@drei n t he

circuit that determ nes the grounding connection further conprises a pair of
out put si gnal denshdssen {irgornegiion Wribpmeingawawsr-on t he groundi ng connection of
t he moving menber. 16. The device of claim 15, wherein the circuit that
det er mi nd8. t h& myetborhfiirmpnitoringtheigoruntlingtofi en objestibeiisg 9 neovitgmembepar at or

t hat conpares the phase of the pair.of outpu i gnal s d.outputs a phase
out put si gnal a‘?‘ﬂ%itgﬁl%%lg‘?@ ertsrqga.tr@t'cgﬁ}clm Hﬁﬁéé%stgg{l?%ﬁpcgae tﬂ%aﬁﬁovi ng menber.
17. The devi Cgoribcted & th hoviiah@hber] the metho@ Wbihpfisiag:ner conprises an
oscillator that generates a signal having a frequency wherein the frequency

of the oscill at Greagennrariiparasitia ¢ppaciBRerketven thomowiag membey andtiBer . 18. A
met hod for noni torétﬁ@onta groundi ng of an object having a noving nenber and
a stationary nenber Separated by an insulative bearing and electrically
connect ed t o t helettavinigg apwheding tdrmectkinhio theanoqing siember bseden thag a parasitic

capaci tance between the novi n% menber and the stationary
measured parasitic capacitance.

19.  The method of claim 18, wherein measuring the parasitic capacitance further
comprises measuring the capacitance between an electrical contact connected to

the moving member,

20.  The method of claim 19, wherein measuring the capacitance between an electric
contact connected to the moving member further comprises measuring the
capacitance between the electrical contact with a path to ground and the moving

member.

21.  The method of claim 18 further comprising outputting an output signal whose
amplitude changes depending on the grounding connection of the moving

member.

22,  The method of claim 21, wherein determining the grounding connection further
comprises rectifying, using a rectifier circuit, the output signal to generate a
rectified output signal and comparing the amplitudes of the rectified output signal
and a reference signal to generate a comparator output signal that indicates the

grounding connection of the moving member.
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determ ning a groundi ng connection to the noving nmenber based on the
nmeasured parasitic capacitance. 19. The nethod of claim 18, wherein
_nmeasuring the parasitic capacitance further conprises nmeasuring the

- capaci tance between an electrical contact connected to the noving nenber.
20. The nethod of claim 19, wherein neasuring the capacitance between an

el ectric contact connected to the noving nenber further conprises neasuring
t he capacitance between the electrical contact with a path to ground and the
novi ng nenber,. 21. The th of claim 18 further cq i Sing, outputting an
out put sidnal T%%@%ﬁﬁﬁl‘ﬁﬁ&%ﬁ&&”&%‘ﬂ?%&ﬂ??ﬁ %%@Ffﬂ@ connect i on
of the moving.REMhse differchBS azﬁ%da% 18 gr6liif cohneRAISTR: Alg¥iRE M NI NG the
groundi ng connection further cohprises %ectlfylng, using a rectifier
circuit, the oembet signal to generate a rectified output signal and
conparing the anplitudes of the rectified output signal and a reference

si gnal t g4genThainethad of olami 38,0vhepeih detbrnsihippalie grbaddingchinnadtima fottler gr oundi ng
connection of the noving penber. 23. The net rgLod of ch ﬁi m.18. furt her

conpri si ng oufHRrSCHEOHEPH IS, UHRE Hphast corehaiFian the phaseriReRAr of QU¥ ences
depend on theg; '&gln i ; i : t hod of
claim 23, V\he?lgfﬁlﬂyﬂg{ er ﬁﬁ?ﬁg&% ﬁgﬁgﬁﬁgi@lﬁgmg%ﬁsegﬁ%ﬁw le%:bﬁgé-&ggﬁrgri ses
conpari ng, usofihemoyingseemmbapar ator, the phase of the pair of output signals
and outputs a phase output signal that indicates the grounding connection of
t he novi 8§ nmeThemethds of dhain h&twitetein eteinzinimg 118 grotvet einnedmndumheni ng t he
ground connection, further. co‘rérqlpl)ri sesﬁigener atin usi nﬁ an oscill I.a:ﬁ(l)r, a

si gnal havi ngCUMRT e EEIERNDRNENRE 4R Q5 atPF’é(f@ﬁg'ng&gq EAUSEW YT “depends on
the connecti ofediRnt6F 1B KidilhatSRIEBEIds on the connection to the moving member.
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